Eph receptors, the largest subfamily of transmembrane tyrosine kinase receptors, have been increasingly implicated in various physiologic and pathologic processes, and the roles of the Eph family members during tumorigenesis have recently attracted growing attentions. In the present study, we explored the function of EphB3, one member of Eph family, in papillary thyroid cancer (PTC). We found that the expression of EphB3 was significantly elevated in PTC. Either overexpression of EphB3 or activation of EphB3 by EfnB1-Fc/ EfnB2-Fc stimulated in vitro migration of PTC cells. In contrast, siRNA-mediated knockdown of EphB3 or EphB3-Fc treatment, which only blocked EphB3-mediated forward signaling, inhibited migration and metastasis of PTC cells. A mechanism study revealed that EphB3 knockdown led to suppressed activity of Rac1 and enhanced activity of RhoA. Moreover, we found that Vav2, an important regulator of Rho family GTPases, was activated by EphB3 in a kinase-dependent manner. Altogether, our work suggested that EphB3 acted as a tumor promoter in PTC by increasing the in vitro migration as well as the in vivo metastasis of PTC cells through regulating the activities of Vav2 and Rho GTPases in a kinase-dependent manner.
Thyroid cancer (TC) 3 is the most common endocrine malignancy, and its incidence is rising rapidly. The main type of TC is papillary thyroid cancer (PTC), which accounts for Ͼ81% of the new TC cases (1, 2) . The treatment for PTC generally benefits the majority of the patients with well differentiated PTC; however, up to 10% of patients eventually die of the disease, and many more patients have the risk of recurrences (3) (4) (5) . Clinical investigations reveal that patients diagnosed with PTC at an early stage usually have excellent prognosis, whereas individuals with large, invasive tumors and/or distant metastases have a low survival rate (6 -8) . Genetically, PTC is frequently associated with the oncogenic conversion of receptor-tyrosine kinases (RTKs), thus clarifying the role of RTKs in PTC metastasis, and targeting of specific RTKs will benefit the treatment of thyroid cancer (9) .
The Eph receptor family, known as the largest receptor-tyrosine kinase superfamily, contains 14 distinct members, and its ligand ephrin family has 9 members identified to date (10) . Either Eph receptors or ephrin ligands are classified as type A or type B, according to the sequence homology and binding specificity. All Eph receptors are single transmembrane proteins with intrinsic tyrosine kinase activity. As for ephrin ligands, ephrin-Bs are also single transmembrane proteins with intrinsic tyrosine kinase domain, whereas ephrin-As are linked into membrane by a glycosylphosphatidylinositol anchor without transmembrane and endocytotic domain (11, 12) . When activated by the cognate ephrin, Eph receptor can transduce intracellular signals, which are involved in the regulation of various biological processes, including axon guidance, neural crest cell migration, hindbrain segmentation, somite formation, and vasculogenesis (11, 12) .
Apart from development, accumulating evidence suggests involvement of Ephs/ephrins in cell migration and metastasis in several cancers. It is reported that loss of expression of EphB1 in serous carcinoma of ovary is corrected with metastasis and poor survival (13) , and enhanced expression of ephrinB1 is associated with lymph node metastasis and poor prognosis in breast cancer (14) . Knockdown of EphA1 promotes adhesion and motility of colorectal carcinoma cells (15) , whereas EphA2 promotes epithelial-mesenchymal transition in gastric cancer cells (16) . These studies suggested that the effect of Ephs/ephrins on migration and metastasis is divergent, dependent on cancer types and stages.
Despite increasing studies of Ephs/ephrins in cancer biology, their function in thyroid cancer remains largely unknown. In a previous study, EphA2 and EphA4 expression in human benign and malignant thyroid lesions were examined by immunohistochemistry, and it is found that overexpression of EphA2, but not EphA4, may be associated with malignant transformation of thyroid neoplasia (17) . Another study using a loss-of-function genetic screening has identified novel mediators of thyroid cancer cell viability, including EphA2, A7, B2, and B6 (18) . However, there have been no published reports investigating the role and mechanism of Ephs/ephrins on migration and metastasis of thyroid cancer cells to date, which is urgently required to improve therapeutic strategies for this malignancy.
In the present study, we reported that EphB3 effectively regulated either in vitro migration or in vivo metastasis of PTC via modulating the activities of Vav2 and Rho family GTPases in a kinase-dependent manner. Our study will not only expand the understanding of Ephs/ephrins in cancer biology but also indicate potential therapeutic strategy for PTC treatment.
Results
The Expression Level of EphB3 Was Elevated in PTC Tissues-To determine the expression pattern of EphB3 in primary PTC, we first quantified the mRNA level of EphB3 in 15 pairs of primary PTC samples and the matched normal thyroid tissue samples by real-time PCR. The mRNA level of ␤-actin was used to normalize EphB3 expression. Up-regulation of EphB3 occurred in 10 of 15 (67%) of the PTC samples compared with the normal counterparts ( Fig. 1A ). Furthermore, immunostaining of EphB3 in three pairs of PTC tissues and the matched normal thyroid tissues was shown in Fig. 1B . Strong staining of EphB3 was observed in the PTC tissues, whereas the normal thyroid tissues showed negative/weak staining of EphB3 ( Fig.  1B) . Moreover, evaluation of a published microarray data set of seven paired PTC samples and normal thyroid samples (GDS1732) also revealed significantly elevated expression of EphB3 in PTC samples (Fig. 1C , p ϭ 0.0141). Therefore, the expression of EphB3 was increased in PTCs, indicating its role as a tumor promoter in PTC.
EphB3 Regulated Both in Vitro Migration and in Vivo Metastasis of PTC Cells in a Kinase-dependent Manner-To explore the role of EphB3 in PTC, we introduced wild-type EphB3 and kinase dead mutant of EphB3 (EphB3-KD) ( Fig. 2A ) into the papillary thyroid cancer cell line BHP17, which showed a low endogenous expression level of EphB3 ( Fig. 2B ). We found that overexpression of EphB3 and EphB3-KD had no effect on the growth of BHP17 cells, which was examined by either MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay or soft agar assay (data not shown). However, the migration ability of BHP17/EphB3 cells was significantly increased compared with empty-vector transfected BHP17 (BHP17/v), but EphB3-KD had little effect on BHP17 migration ( Fig. 2C ). The promoting effect of EphB3 overexpression on cell migration was not only observed in the resting state but also in activation state with EfnB1/EfnB2-Fc stimulation (Fig. 2D ). In contrast, knockdown of EphB3 expression by siRNA in BHP17 cells decreased the migration ability of BHP17 cells compared with control cells (BHP17/EphB3 icon) either in resting state or under stimulating condition (supplemental Fig. 1 ). Taken together, EphB3 could promote PTC cell migration in a kinasedependent manner.
Because EphB3 was able to regulate the migration of BHP17 cells, we wondered whether it could also influence metastasis of PTC cells in vivo. We constructed a BHP17-Luc2 cell that was stably transfected with a firefly luciferase gene, then the BHP17-Luc2 cell was infected with either vectors overexpressing EphB3/EphB3-KD or EphB3 siRNA-expressing viruses and their respective control. BHP17-Luc2/v/EphB3/EphB3-KD cells were injected into the left ventricles of nude mice, respec-tively. As shown in Fig. 3A , metastasis development in BHP17-Luc2/EphB3 group was dramatically faster than BHP17-Luc2/v and the BHP17-Luc2/EphB3-KD group. Moreover, metastatic foci in BHP17-Luc2/EphB3 group were much bigger than those of the other two groups. BHP17-Luc2/EphB3-KD cells generated comparable metastatic foci to control cells, which was similar to the result of migration analysis. In contrast, BHP17-Luc2/EphB3 i2 and i3 cells failed to develop any foci at 4 weeks after initial injection, whereas EphB3 icon cells generated visible metastatic foci in the meantime. These results indicated that EphB3 promoted PTC cell metastasis in a kinase-dependent manner, whereas loss of EphB3 inhibited metastasis of BHP17 cells in vivo, which was consistent with migration data in vitro.
Ligand-activated Forward Signaling Was Responsible for the Promotive Effect of EphB3 on PTC Cell Migration Exerted by
EphB3-Bidirectional signaling induced upon ligation of Eph receptor and ephrin ligand is a particular characteristic of Ephs/ FIGURE 2. EphB3 promoted PTC cell migration in a kinase-dependent manner. A, schematic description of EphB3 and EphB3-KD. B, BHP17 cells were transfected with empty vector and constructs expressing EphB3 and EphB3-KD, respectively. The expression of EphB3 was examined by Western blot. v represents empty vector, EphB3-1 was a positive EphB3-overxpressing clone, EphB3-2 was a pool of cells overexpressing EphB3, and EphB3-KD was a cell pool overexpressing EphB3-KD. C, the migration capability of control cell (v), EphB3-overexpressing cells (EphB3-1 and EphB3-2), and EphB3-KD-overexpressing cells was examined by Boyden chamber assay. The bar graph (right) represented the mean Ϯ S.D. number of the migrated cells from four randomly selected fields. ***, p Ͻ 0.001 for EphB3-1/EphB3-2 versus v, unpaired t test. Scale bar, 100 m. D, migration of BHP17/v and BHP17/EphB3 cells were examined when treated with Fc, EfnB1-Fc, EfnB2-Fc, and EphB3-Fc. The bar graph (right) represents the mean Ϯ S.D. number of the migrated cells from four randomly selected fields. For BHP17/v cells: p ϭ 0.0381 (*) for EfnB1-Fc versus Fc, and p ϭ 0.0105 (*) for EfnB2-Fc versus Fc. For BHP17/EphB3 cells: p Ͻ 0.001 (***) for EfnB1/EfnB2/ EphB3-Fc versus Fc, unpaired t test. Scale bar, 100 m. ephrins. EphB3 may exert its promotive effect on PTC cell migration through either the forward signaling or the reverse signaling. In the previous report, recombinant EphB-Fc soluble monomer interfered with the interaction between normal EphB3 and its ligands and acted as a receptor antagonist (11, 12) , whereas clustered ephrinB-Fc ligand could artificially function as an agonist (19) . EphrinB1 and ephrinB2 have been reported as the cognate ligands of EphB3 (20, 21) ; therefore, we used EfnB1/EfnB2-Fc consisting of the extracellular domain of human ephrinB1/ephrinB2 and the Fc region of human IgG to activate EphB3-mediated forward signaling. On the other hand, we utilized EphB3-Fc, which consists of the extracellular domain of EphB3 and the Fc region to inhibit the forward signaling and suppress EphB3 activity. We found that both EfnB1-Fc and EfnB2-Fc treatment stimulated BHP17/v and BHP17/EphB3 cell migration compared with Fc control. However, due to EphB3 overexpression, the stimulative effect was more significant in BHP17/EphB3 cells. In contrast, EphB3-Fc treatment remarkably reduced cell migration in BHP17/EphB3 cells but showed little effect on BPH17/v cells, most likely due to the low expression level of endogenous EphB3 in BPH17/v cells ( Fig. 2D) . Therefore, the ligand-induced forward signaling contributed to the promotive effect on PTC cell migration exerted by EphB3.
FAK and Paxillin Contributed to EphB3-mediated Alteration in Cell Migration, Adhesion, and Spreading-To further explore the underlying mechanism, we examined the expression of two important molecules involved in migration, paxillin and FAK by immunostaining. As shown in Fig. 4A , the signals of paxillin and FAK, which indicated the assembly of focal adhesions (22, 23) , were much stronger in BHP17/EphB3 RNAi cells compared with BHP17/EphB3 icon cells. It has been reported that the increase of focal adhesion often promotes the adhesion of host cells with ECM, and loss of polar distribution of focal adhesion inhibits cell mobility (24, 25) . Thus the increase of focal adhesion assembly in EphB3 knockdown cells was consistent with its impaired mobility. Furthermore, assembly of F-actin was dramatically increased in BHP17/EphB3 RNAi cells compared with BHP17/EphB3 icon cells ( Fig. 4A ), which also implied the inhibition of cell migration. In addition, we measured the adhesion capability of BHP17 cells by cell adhesion assay. The results demonstrated that cell adhesion was obviously increased in EphB3 knockdown cells (Fig. 4B ). Moreover, we also examined cell spreading capability and found that BHP17/EphB3 RNAi cells spread more efficiently and firmly on fibronectin-coated plate than BHP17/EphB3 icon cells (Fig.  4C ). These results suggested that cell-matrix adhesion molecules, including FAK and paxillin, contributed to EphB3-induced alteration in migration, adhesion, and cell spreading.
Inhibition of EphB3 Expression Influenced the Activity of RhoA and Rac1-It has been known that actin assembly and disassembly provide the driving force for cell migration, and Rho family GTPases play key roles in cell migration by regulating actin dynamics (26, 27) . Rho mediates stress fiber formation, and Rac1 is involved in membrane ruffling and the formation of lamellipodia (28) . Therefore, the alteration of actin assembly in BHP17 cells induced by EphB3 knockdown promoted us to examine whether Rho family GTPases were involved in the regulation of migration by EphB3. To measure Rho GTPase activity, active Rac1 was pulled down by GST-PAK-PBD, and active RhoA was pulled down by GST-Rhotekin-RBD. As expected, RhoA activity was increased in the BHP17/EphB3 RNAi cells, whereas Rac1 activity was decreased in the BHP17/EphB3 RNAi cells compared with BHP17/EphB3 icon cells (Fig. 5, A and B) . In addition, treatment of BHP17/ EphB3 RNAi cells with Y27632, an inhibitor of ROCK1, one downstream effector of RhoA (26, 27) , led to elimination of the assembly of F-actin in EphB3 knockdown cells, indicating that the accumulation of dense F-actin stress fibers in BHP17/ EphB3 RNAi cells were attributed to increased activity of RhoA (Fig. 5C ). The decrease in Rac1 activity and increase in RhoA activity led to an altered balance between these GTPases in favor of RhoA, which has been previously linked to inhibition of cell motility (29 -31) . These results thereby suggested that the predominance of RhoA signaling and inhibition of Rac1 activity contributed to suppressed cell migration induced by EphB3 knockdown.
Vav2-mediated EphB3-stimulated Migration in PTC Cells-It has been established that Vav2 is a pivotal regulator for Rac1 and RhoA (32) (33) (34) , and previous studies indicated that Eph receptors could interact with Vav2 to regulate cell migration (35, 36) . Therefore, we wondered whether Vav2 mediated the influence on cell migration by EphB3 in BHP17 PTC cells. By simultaneous overexpression of Vav2 and EphB3, we found an obvious interaction between Vav2 and EphB3 by co-immunoprecipitation ( Fig. 6A) . Additionally, endogenous Vav2 was also found to interact with EphB3 in BHP17/EphB3 cells (Fig. 6B) . Moreover, we found that the interaction between Vav2 and EphB3 was dependent on the kinase activity of EphB3, because EphB3-KD could not interact with Vav2 (Fig. 6A) , which was consistent with the previous reports that Vav2 binds to the kinase domain of Eph receptors (35, 36) .
It has been reported that Vav2 is activated by receptortyrosine kinase-mediated tyrosine phosphorylation (35-40), including Eph receptors (11, 12), and the above results also identified that the interaction between Vav2 and EphB3 relied on the kinase domain of EphB3. Therefore, we explored whether activation of EphB3 could phosphorylate Vav2. As shown in Fig. 6C , both EfnB1-Fc and EfnB2-Fc treatment led to Vav2 phosphorylation.
To further confirm the involvement of Vav2 in EphB3-promoted PTC cell migration, the expression of Vav2 was knocked down by RNAi in BHP17/EphB3 cells (Fig. 6D ). As shown in Fig. 6E , knockdown of Vav2 in BHP17/EphB3 cells effectively inhibited EphB3-promoted cell migration. Therefore, Vav2 directly interacted with EphB3 and was responsible for EphB3induced PTC cell migration. Activated EphB3 might recruit and phosphorylate Vav2 for regulating BHP17 cell motility.
Discussion
The role of EphB3 has been explored in several types of cancers. Clinical investigation indicates that overexpression of EphB3 is associated with a poor outcome in ependymomas (41) . EphB3 is also found overexpressed in pancreatic cancer cell lines and may be a potential target for gene therapy of pancre- atic cancer (42) . In esophageal squamous cell carcinoma, EphB3 is positively related with cancer cell proliferation (43) . Overexpression of EphB3 also occurs in human non-small-cell lung cancer (44) . However, EphB3 is suggested to play an inhibitory role in colorectal cancer (45) . The interaction between EphB3 and its ligands is able to restrict the spreading of EphB3expressing tumor cells into ephrinB1-positive territories of colons through a mechanism dependent on E-cadherin-mediated adhesion, which turns to impede the progression of colorectal cancer (45) . In our study, we found that EphB3 positively regulated both in vitro migration and in vivo metastasis of PTC cells, demonstrating a tumor-promoting effect of EphB3 in PTC. Taken together, the function of EphB3 in cancer is complex and dependent on cancer types.
The ligation of EphB3 and its ligands usually elicit bidirectional signals (11, 12) . In our study we observed that EfnB1/ EfnB2-Fc treatment, which was able to block the reverse signal while activating the forward signal (11, 12) , significantly promoted PTC cell migration. On the other hand, EphB3-Fc treatment, which eliminated the forward signaling decreased cell migration. Thus, ephrin-activated forward signaling is responsible for EphB3-stimulated PTC cell migration.
In the nervous system, it has been established that Eph receptors and ephrins play important roles in neuron migration by regulating actin assembly and disassembly (11, 12) . As for cancers, accumulating evidence has also suggested the involvement of Ephs and ephrins in cell migration (46 -48) . For example, ephrinB3 could promote glioma cell migration through activation of Rac1, whereas ephrinB2 overexpression enhances B16 melanoma cell migration through regulating ECM attachment ability (49) . Interaction of EphA2 and ephrinA1 activated a Src/FAK-mediated motility response leading to Rho-dependent actino/myosin contractility in prostatic carcinoma cells (50) . Eph-ephrin interaction was also observed in the migration of glioma cells (51) and metastasis of mammary tumor cells (52) .
Our study revealed that EphB3-stimulated migration was attributed to the altered activity of Rac1 and RhoA, two members of Rho GTPase family (27) . The Rho GTPase family has been well demonstrated to regulate actin dynamics and plays key roles in regulating cell migration (27) . Rac1 and Cdc42 stimulate the formation of lamellipodia and filopodia at the leading edge of migrating cells, respectively, whereas RhoA stimulates the formation of focal adhesion and stress fibers. It is believed that the balance between Rac1/Cdc42 and RhoA is a key determinant in the regulation of cell motility, i.e. the dominance of Rac1/Cdc42 signaling promotes cell migration, whereas enhanced RhoA activity inhibits migration (29 -31) . Consistent with these reports, our results showed that knockdown of EphB3 suppressed Rac1 activity but enhanced RhoA activity, leading to inhibition of PTC cell migration.
The three Rho GTPase family members, Cdc42, Rac1, and RhoA, have been previously proven to be downstream targets for Eph/ephrin proteins (11, 12) ; however, the mediators in the pathways remain largely unknown. Vav2 is one of the guanine nucleotide exchange factors for Rho GTPase family members, including Rac1 and RhoA, and functions as an important mediator for the signal transduction from cell surface receptors to Rho GTPases-induced actin dynamic changes (35) (36) (37) (38) (39) (40) . Vav2 has been found necessary for rearrangement of actin cytoskeleton, which is closely involved in cell spreading and migration (32) (33) (34) . It is reported that the binding of Vav2 to activated EphA4 promotes receptor endocytosis and is pivotally involved in the axon guidance (35) . Another work discloses that in response to ephrinA1 stimulation, Vav2 is recruited to activated EphA2 receptor in mammalian cells and regulates endothelial cell migration and assembly (36) . In our study we found that Vav2 interacted with and was phosphorylated by activated EphB3 in PTC cells, indicating that EphB3 could activate Vav2 in PTC cells. Therefore, it is possible that Vav2 plays as a general effector downstream of Eph receptors and is required for regulating the activity of Rho GTPases as well as cell migration by Eph receptors.
In summary, our work reported that EphB3 was overexpressed in PTC and positively regulated both in vitro migration and in vivo metastasis of PTC cells. Moreover, we found that EphB3 could activate Vav2 in a kinase-dependent manner and subsequently regulate the activity of Rac1 and RhoA, which led to altered migration ability of PTC cells. Our work not only improves the understanding of the role of EphB3 in PTC but also provides indications for therapeutic strategies for PTC.
Experimental Procedures
PTC Tissue Samples and Cell Line-Paraffin-embedded thyroid carcinoma specimens from 12 patients and 15 pairs of primary PTC samples and their corresponding normal tissues were obtained from PTC patients treated at the First Affiliated Hospital of Zhengzhou University (Henan, China) from 2002 to 2005 after their written informed consent, and none of the patients received any neo-adjuvant therapy. All specimens were frozen at once in liquid nitrogen after surgical excision and stored at Ϫ80°C until use. Our work was approved with the Institutional Review Board of the Institute for Nutritional Sciences, Chinese Academy of Sciences. The PTC cell line BHP17 was purchased from the American Type Culture Collection (Manassas, VA) and cultured in RPMI 1640, supplemented with 10% fetal bovine serum, 10 units/ml penicillin, and 10 units/ml streptomycin at 37°C in a humidified atmosphere containing 5% CO 2 .
Reagents-Anti-EphB3 antibody (ab66337) was purchased from Abcam. Anti-␤-actin (sc-47778), anti-␣-tubulin (sc-32293), anti-RhoA (sc-418), and anti-p-Vav2 (Tyr-172) (sc-16409-R) antibodies were obtained from Santa Cruz Biotechnology Inc. Anti-paxillin (610051), anti-FAK (610087), and anti-Rac1 (610650) antibodies were from BD Transduction Laboratories. Phosphotyrosine antibody (Tyr(P)-100) (#9411) was purchased from Cell Signaling Technology. The secondary antibodies for immunofluorescence (A21422 and A21202) were from Molecular Probe Inc. Y-27632 (Y0503) was purchased from Sigma. Alexa Fluor (R) 488 phalloidin (8878S) was purchased from Cell Signaling.
Real-time PCR Analysis-Primers for the genes tested in the present experiments were designed using software PRIMER5. The primers for amplifying human EphB3 gene were as follows: forward (5Ј-TCGTGGTCATCGCTATCGTCT-3Ј) and reverse (5Ј-AAACTCCCGAACAGCCTCATT-3Ј). The primers for ␤-actin were: forward (5Ј-GATCATTGCTCCTCCTG-AGC-3Ј) and reverse (5Ј-ACTCCTGCTTGCTGATCCAC-3Ј). Amplification reactions were done in 20 l of the LightCycler-DNA Master SYBR Green I mix (Roche Applied Science) with 10 pmol of primer, 2 mmol/liter MgCl 2 , a 200 mol/liter deoxynucleotide triphosphate mixture, 0.5 units of TaqDNA polymerase, and universal buffer. All of the reactions were done in triplicate in an iCycler iQ system (Bio-Rad), and the thermal cycling conditions were as follows: 95°C for 3 min; 40 cycles of 95°C for 30 s, 58°C for 20 s, and 72°C for 30 s; 72°C for 10 min.
Reactions were characterized at the point during cycling when amplification of the PCR product was first detected after a fixed number of cycles, which is defined as Ct. The target message in unknown samples was quantified by measuring the Ct value, and the Ct value of ␤-actin was also measured as the endogenous RNA control. The levels of EphB3 expression in each sample were normalized on the basis of its ␤-actin content through the formula Level EphB3 /Level ␤-actin ϭ 2 (Ct␤-actin Ϫ CtEphB3) . The relative EphB3 expression level of each pair of PTC samples was calculated as EphB3 tumor /EphB3 normal when EphB3 tumor Ͼ EphB3 normal , and the values were counted as Ϫ(EphB3 normal / EphB3 tumor ). Paired t test was applied to statistical analysis. The statistical results were considered significant at p Ͻ 0.05. All data analyses were done using the program SPSS for Windows.
RNAi of EphB3-To silence endogenous EphB3, we selected three siRNA hairpin sequences against EphB3 mRNA as follows that were designed using the software from Ambion web: 5Ј-CTCTACTGCAACGGCGAT-3Ј, 5Ј-CTGCAGCAGTACAT-TGCT-3Ј, and 5Ј-TACCTGTCCGAGATGAAC-3Ј. These sequences were cloned to the FG12 vector and produced RNAi cell lines as described previously (53) . For knockdown of Vav2, we employed pLKO.1 vector, and the target sequences 5Ј-GCCACGATAAATTTGGATTAA-3Ј, 5Ј-CAAGTGAAACT-GGAGGAATTT-3Ј, and 5Ј-CCCGAGATATGAGGGA-GCTTT-3Ј.
Constructs of EphB3-Full-length cDNA of either EphB3-WT or EphB3-KD was subcloned from pCMV-EphB3-WT and pCMV-EphB3-KD, respectively, which were kindly provided by Dr. Bingcheng Wang, and the fragment of EphB3-WT or EphB3-KD was inserted into pcDNA3.1 vectors (Invitrogen) at the appropriate sites. By stable transfection, we established control cells (BHP17/v) and the cell lines overexpressing EphB3-WT or EphB3-KD. We also used a modified lentivirusbased FG12 vector with a CMV promoter (53) to produce viruses overexpressing EphB3/EphB3-KD. After infection, positive cells were sorted and enriched by FACS using the coexpressed GFP as a marker.
Boyden Chamber Assay-Boyden chamber (8-m pore size polycarbonate membrane) was obtained from Neuro Probe Corp. Cells (2 ϫ 10 5 ) in 0.05 ml of medium with 1% FBS were placed in the upper chamber, and the lower chamber was loaded with cell culture medium containing 10% FBS. Cells that migrated to the lower surface of filters were detected with traditional H&E staining, and multiple fields of each well were counted after 4 -8 h of incubation at 37°C with 5% CO 2 . Three wells were examined for each condition and cell type, and the experiments were repeated thrice.
Cell Adhesion Assay-96-Well plates were coated with fibronectin overnight at 4°C followed by a blocking step with heat-denatured BSA for 1 h at 37°C. Cells were trypsinized and resuspended, and 2 ϫ 10 4 cells were plated into each fibronectin-coated well and allowed to adhere for 30 min at 37°C. Every condition was done in quadruplicate. After 30 min, non-adherent cells were removed, and adherent cells were washed once with prewarmed phosphate buffer saline (PBS). The adherent cells were stained with trypan blue and manually counted under the microscope in multiple different fields.
